If properly applied, 2,4-D reduces rabbitbrush and forbs and allows grass to increase. This would be a desirable management tool on cattle ranges. The most effective kill of rabbitbrush was obtained with a treatment applied in June 1956 when soil was moist and when rabbitbrush was nearly in full leaf. When soil was dry and rabbitbrush was in bloom, spraying had no effect. Spraying before rabbitbrush was in full leaf reduced forbs but increased production of rabbitbrush.
Herbicide sprays have been used to control lanceleaf rabbitbrush (Chrysothamnus viscidiflorus var. Zanceolatus (Nutt.) Greene) and other varieties of low rabbitbrush on many western ranges. Results have varied. The short-term effects of such sprays have been studied but not the effect on the plant communities over a long period. The long-term ecological effects must be known if herbicide spray is to be evaluated as a method of range improvement.
The study reported here was started in 1956 on high-elevation cattle range on the Humboldt National Forest in northern Nevada. Objectives were to determine how effectively different application dates, rates, and chemical formulations of 2,4-D reduce lanceleaf rabbitbrush and undesirable forbs, and increase grass production.
Data taken in 1964 show some long-term effects of the different 2,4-D treatments.2
Research by other workers done after this study was begun has shown that stage of growth, soil moisture, and temperature are important in obtaining a good kill of rabbitbrush with 2,4-D. Hyder et al. (1958 Hyder et al. ( , 1962 cidiflorus (Hook.) Nutt.) by spraying with 3 lb/ acre of 2,4-D in late spring, when twigs had attained about 3 inches of new growth and soil moisture was adequate for continued plant growth. A smaller percentage of rabbitbrush was killed when sprayed before and after the time of maximum susceptibility and also in dry years when soil moisture was low. Cook et al. (1965) Another factor that often contributes to failure of herbicides to reduce rabbitbrush effectively is the ability of rabbitbrush to sprout from the base even though the tops of all plants are killed. Hull and Vaughn (1951) , Hull et al. (1952) , Blaisdell and Mueggler (1956) , and Cook et al. (1956) Table  2 for a list of the major species (Snedecor, 1956) . When the variances were found to be heterogeneous, data were transformed using V x + 0.5, where x is the original observation (Bartlett, 1947) . Plots treated on this date produced significantly less rabbitbrush and forbs and significantly more grass in 1964 than unsprayed plots. In pounds of forage, the reduction of forbs was considerably greater than the reduction of rabbitbrush. IAveraged for four treatments for each date, since there was no significant difference in production between areas sprayed with 2 and 4 pounds per acre nor between those sprayed with low-and high-volatile esters of 2,4-D.
Rem1 ts
"No statistical analysis made of these species or groups. * Production significantly different from production in unsprayed areas at the 5-percent level of probability. ** Production significantly different from production in unsprayed areas at the l-percent level of probability.
LAYCOCK AND PHILLIPS
Sprays applied in August 1956, when the soil and many plants were dry, had no lasting effect on the vegetation.
Yields of grasses, forbs, and rabbitbrush in the areas sprayed at this date were not significantly different in 1964 from yields in unsprayed areas.
Observations in the fall of 1956 indicated that the 2,4-D killed the aboveground portions of many rabbitbrush plants. Most of these shrubs sprouted from the base the following year, however, and total production was not affected. Rabbitbrush production actually increased in the areas sprayed in August 1956 and again in June 1957. In 1964, these areas produced significantly more rabbitbrush but significantly less forbs than unsprayed areas. Total production of all grasses was somewhat higher in sprayed than in unsprayed areas, but the difference was not statistically significant.
Rate and Form of Spray .-Rate of spraying 2,4-D did not strongly influence production.
In general, plots sprayed with 4 lb 2,4-D produced slightly less rabbitbrush and forbs, and slightly more grass than those sprayed with 2 lb, but the differences were not statistically significant.
Similarly, the lowand high-volatile sprays did not produce significantly different results. Therefore, production figures for the various treatment combinations of rate and form of spraying 2,4-D were averaged for each date in Table 2 .
Response of Individual Species.-The response of individual species to 2,4-D generally was the same as that of the class of vegetation to which it belonged.
In 1964, production of bluebunch wheatgrass and Idaho fescue was somewhat higher in sprayed than in unsprayed areas, but the difference was statistically significant only on plots sprayed in June 1956 (Table  2) . Some 2,4-D treatments appeared to favor Sandberg bluegrass (Poa secunda Presl.) and other grasses, but no statistical analyses were made. Lupine and potentilla were reduced by 2,4-D and produced significantly less in 1964 on sprayed plots than on unsprayed areas. In plots sprayed in June 1956 and in those sprayed twice (August 1956, and June 1957) , production of lupine and potentilla was only 4 to 12% of that in untreated plots ( Table 2 ). The August 1956 application of 2,4-D was less effective, and production of these species in 1964 was 67 to 75% of that in untreated areas.
The other two major forbs on the study area, yarrow and Wyeth eriogonum, were not significantly affected by 2,4-D or at least had recovered from any effect by 1964. Blaisdell and Mueggler (1956) listed yarrow as a species unharmed by 2,4-D, and Wyeth eriogonum as only lightly affected, in the sagebrush type in Idaho.
Areas Resprayed in 19_59.-The 1 lb/acre application of 2,4-D at the three dates in 1956 and 1957 and the subsequent respray in 1959 did not significantly affect production of rabbitbrush or grass in 1964.
However, production of forbs was reduced somewhat by the original spray and further reduced by the respray.
Discussion
The causes of the effective, long-lasting kill of rabbitbrush in areas sprayed in June 1956 apparently were:
(1) rabbitbrush was in the fullleaf stage and thus physiologically susceptible to damage by 2,4-D; and (2) the moisture in the soil was adequate to insure continuing growth, which is necessary for absorption and translocation of 2,4-D. The August 1956 spray was ineffective because the rabbitbrush was past the full-leaf stage and the soil was dry. Observations indicated that the tops of some rabbitbrush plants were killed by the August 1956 spray, but almost all of these plants resprouted vigorously in 1957.
Increase of rabbitbrush in areas sprayed in August 1956 and again in June 1957 cannot be explained so easily. The August application of 2,4-D had little effect and the respray treatment the following June probably was ineffective because (1) the rabbitbrush was not as fully developed as it had been in June 1956; (2) the air was cool following spraying; and (3) the heavy snow that fell the night after the spray was applied in June 1957 may have reduced the effectiveness of the herbicide.
The rabbitbrush plants that were not damaged and those that resprouted evidently increased in vigor and production as a result of significantly reduced competition from the forbs. Any decision to spray ranges similar to those studied must also take into account the effect on overall soil fertility produced by nitrogen-fixing bacteria in the root nodules of lupine. (Cook et al., 1965; Tueller and Evans, 1965) , appear to be more effective than 2,4-D in killing rabbitbrush;
and for them, time of application may not be as critical as it is for 2,4-D. However, further research is needed to determine the effect of such herbicides on rabbitbrush and associated plants when applied under various conditions of plant development and soil moisture.
Summary
The long-term ecological effects of herbicide spray on vegetation must be known if this means of range improvement is to be evaluated. Areas on high-elevation cattle range on the Humboldt National Forest in northern Nevada were sprayed with 2 and 4 lb/acre of high-and low-volatile esters of 2,4-D at various times in 1956 and 1957 to determine the best time to control lanceleaf rabbitbrush.
Effects of the 2,4-D were quite different at the various dates, because stage of plant growth and soil moisture were different. Only the June 1956 spray, applied when rabbitbrush was nearly in full leaf and soil moisture was adequate for continued growth, reduced rabbitbrush; in 1964, areas that had been sprayed still produced significantly more grass and less rabbitbrush than unsprayed areas. Plant yields from plots treated with 4 lb of 2,4-D did not differ significantly from those treated with 2 lb.
Sprays applied in August 1956, when plants and soil were dry, had no significant effect. However, a subsequent early spraying increased rabbitbrush. The second spray, in early June of 1957, was applied at a very early growth stage of rabbitbrush and was followed by a heavy snow. The forbs were reduced significantly and the rabbitbrush, relatively unharmed by the herbicide, increased as a result of reduced competition from the forbs. 
